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The history of Experimental Pathology at Ancona began in the early '70s, when Professor Andrea Corsi was appointed Chairman of General Pathology at the newly created Faculty of Medicine and of which he became Dean. Member of the Accademia dei Lincei, Prof. Corsi had been trained scientifically at the University of Padua where he had conducted pioneering studies on the role of the thymus in the immune system \[[@CR13], [@CR14], [@CR31]\]. Prof. Corsi and his collaborators, including Prof. Anna Luisa Granata, Prof. Cesare Vecchi, and Dr. Laura Graciotti, created the first Institute of General Pathology and the first Laboratory of Experimental Pathology in Ancona, including a facility for ultrastructural studies equipped with a Philips CM10 electronic microscope. Their efforts allowed the activation of new lines of research on skeletal muscle \[[@CR15], [@CR16]\] and obtained the first European Community funded research program at our University (MOLECULAR BASIS OF CELL MOVEMENT: Investigation of the fundamental molecular mechanisms of ameboid cell motility and transport using a combination of molecular, cellular and structural biology methods CE-Human and capital mobility CHRX-CT93-0250. 1993--1996). The group was active also on clinical diagnostics. The experimental group founded by Prof. Andrea Corsi at Ancona obtained important results in the study of microcirculation with particular regard to the relationship between capillary blood flow and skeletal muscle function \[[@CR17], [@CR26], [@CR35], [@CR68]\] and in the study of Duchenne Muscular Dystrophy \[[@CR32]\]. These later studies demonstrated that cardiac muscle has peculiar molecular defects arising from lack of Dystrophin that suggests different pathogenesis with respect to skeletal muscle. Dystrophin absence lead to a delocalization of KATP channel complex and of Creatine Kinase M the enzymes necessary for the channel correct functioning. Alterations due to dystrophin lack was also investigated in the hippocampus of mdx mice showing alteration in term of cellular and synaptic composition that underlies other muscle unrelated pathogenic mechanism \[[@CR33]\].

The Phase of Consolidation: The Translational and Molecular Research {#Sec2}
====================================================================

After Prof. Corsi retired, in 2001 the Faculty appointed Full Professor of General Pathology Professor Antonio Domenico Procopio, a cancer immunologist with a strong background in experimental and clinical pathology. Before reaching Ancona, Prof. Procopio had trained at the La Sapienza University of Rome with Prof. Luigi Frati and at the NCI, Frederick, MD with Dr. Ronald Herberman. He had worked at the NIH, Bethesda, MD where he had conducted pioneering studies on SV40 and mesothelioma and directed the Laboratory of Clinical Pathology at the G. D'Annunzio University of Chieti, Italy. To promote translational and molecular research, short after his arrival to Ancona Prof. Procopio founded the first Department of the Faculty of Medicine (Department of Molecular Pathology and Innovative Therapies, today DISCLIMO), which he directed for many years. More recently, he founded the Center of Clinical Patology and Innovative Therapy at the National Institute on Aging (INRCA), devoted to basic and clinical research, and established the Courses of Clinical Pathology and the Clinical Pathology Residency Program of our Faculty, considered a national excellence.

In those years, Prof. Maria Rita Rippo, a leading immunologist experienced in the mechanisms of programmed cell death, joined the group moving from Rome "La Sapienza". She had worked with Prof. Roberto Testi and Prof. Ruggero De Maria, publishing pioneering studies on the role of FasL and mitochondria in apoptosis \[[@CR20], [@CR21], [@CR64]\]. Later, other leading scientists permanently joined the Ancona group, including Prof. Francesca Fazioli (molecular oncology) \[[@CR22], [@CR23]\] and Prof. Armanda Pugnaloni (cancerology).

Our group refocused its activity on translational research of neoplastic pathologies of mesodermal tissues. Since the first moment of his transfer to Ancona, in the late 90's, Prof. Procopio has continued his studies on pleural malignant mesothelioma (MM). MM, an insidious and still lethal cancer, originates from the mesothelium, which covers the pleura and the others serous cavities such as pericardium, peritoneum, vaginal testis. It is the most common malignant neoplasm of these structures, characterized by a poor prognosis, as it is little responsive to current treatments. MM was found a disease strictly related to asbestos, a harmful natural material endowed with exceptional persistence \[[@CR40], [@CR41]\]. During 2000s our group achieved very important results concerning the molecular mechanism responsible of MM progression and the identification of novel diagnostic and prognostic markers. Using different approaches ranging from molecular biology to computational analysis, we have identified several mechanisms of the resistance of MM to chemotherapy, to pro-apoptotic cytokines-induced cell death, and to toxicity of asbestos (Part of the results arise from an Italian Research Project of National Interest---PRIN 2011: "In Vitro Biological Activity and Mechanisms of Lung and Pleural Cancers Induced by Mineral Fibers" \[[@CR40]\]. Finally the epigenetic mechanisms involved in MM development and progression has been elucidated \[[@CR39]\].

In his early studies on mesothelioma, Procopio and co-workers demonstrated that SV40 (Simian virus-40) plays a role as oncogenic virus and that it is expressed in tissue, urine and blood samples from patients with malignant and non malignant pleural disease \[[@CR8], [@CR9], [@CR73]\]. Accordingly, he demonstrated that SV40 sequences are negative prognostic cofactor in patients with malignant pleural mesothelioma \[[@CR60]\]. These pioneering researches have paved the way for subsequent studies that have been funded by the Italian Ministries of Health and of Scientific Research and the Italian Association on Cancer Research (AIRC) and have allowed our group to build a network of collaboration with the world's most recognized experts in this field. The following years were therefore rich in discoveries that helped international scientific research to develop and try new strategies for controlling the progression of this cancer, which is still incurable today, and for the therapy of other less aggressive ones. The results obtained prompted AIRC to fund a permanent position of Professor in General Oncology, that has been covered by competitive national examination by Prof. Francesca Fazioli.

The most interesting and cited studies demonstrated that human malignant mesothelioma cells produce autocrine factors promoting their growth and multidrug resistance. Early transforming proteins of SV40, the large tumor antigen (Tag) and the small tumor antigen (tag) induce in mesothelioma cells Vascular endothelial growth factor (VEGF) expression which in turn acts as an autocrine growth factor enhancing their proliferation \[[@CR11], [@CR73]\]. In addition to this proliferative advantage, autocrine production of tyrosine kinase receptor c-Kit and its ligand stem cell factor SCF induces the zinc finger transcription factor Slug and chemoresistance \[[@CR12]\]. Therefore, MM cells develop a strong resistance to chemotherapy- and immune system-induced programmed cell death because of the overexpression of some anti-apopototic proteins that act at different levels of the extrinsic pro-apoptotic pathway induced by the cytokine FasL/CD95L and to a lesser extent TNF-related apoptosis-inducing ligand (TRAIL) and of the intrinsic one. In particular, we showed that the protein FLIP (FLICE-Inhibitory Protein), which inhibits apoptosis by competing with the pro-caspase-8 binding to Fas receptor complex, is constitutively expressed in all MM cell lines and is more expressed in primary MM cells than in normal mesothelial cells \[[@CR65]\]. We also demonstrated that MM cells overexpress Bcl-2 and telomerase activity due, at least in part, to Methionine aminopeptidase-2 (MetAP2) expression and function \[[@CR10]\]. However, we showed that α-tocopheryl succinate (α-TOS), a strong pro-apoptotic agent, can synergize with TRAIL to kill MM via mitochondrial pathway, whereas both of them are nontoxic to normal mesothelial cells \[[@CR76]\]. Accordingly, subsequent studies, conducted by other international groups, have shown that FLIP expression is potently downregulated in MM cells in response to the histone deacetylase inhibitor Vorinostat (SAHA), and that this compound overcomes FLIP-mediated inhibition of SMAC mimetic-induced apoptosis in mesothelioma \[[@CR19]\].

In the last ten years our research group, which has grown not only in the number of participants but also in the expertise, has expanded the research lines, focusing on the role of epigenetic mechanisms in the development of diseases associated with aging, including tumors. In this context, the study of the role of small non coding RNAs and in particular of miRNAs, as modulators of proteins important in the development and progression of the tumor and markers for the diagnosis and prognosis of malignant mesothelioma, has prevailed over the other epigenetic mechanisms. An interesting research was conducted by our new unit of computational pathology, showing how to manage big miRNA-related data generated by recent technological advances, especially high-throughput sequencing. A number of bio-informatic tools and databases have been devised to manage this growing body of data in diverse areas of miRNA research, to assist investigators in choosing the most appropriate tools for their needs \[[@CR1]\]. Since miRNAs have established diagnostic value in cancer and pollution exposure and, furthermore, minimally invasive, specific and sensitive biomarkers for early and effective diagnosis of MM in high-risk patients are urgently needed, computational pathology unit identified high-confidence miRNAs that can serve as biomarkers of asbestos exposure and MM by a systematic review and a qualitative meta-analysis. In particular, two miRNA signatures of deregulated circulating (miR-126-3p, miR-103a-3p, and miR-625-3p) and tissue (miR-16-5p, miR-126-3p, miR-143-3p, miR-145-5p, miR-192-5p, miR-193a-3p, miR-200b-3p, miR-203a-3p, and miR-652-3p) miRNAs were identified with potential early diagnostic value and designated as "mesomiRs" \[[@CR39]\]. A large-scale, standardized validation studies are ongoing to assess their clinical relevance, so as to move from the workbench to the clinic.

The New Program on Aging and Age-Related Diseases (ARDs): Identification and Characterization of Innovative Biomarkers of Aging and ARDs {#Sec3}
========================================================================================================================================

Due to the increased lifespan, the demographic patterns and the ageing of the European and Italian population is changing. A new line of research focused on the identification of innovative genetic and epigenetic biomarkers of aging and age-related human diseases (ARDs) was launched in 2007, in the framework of the research activity of the Experimental Pathology team. Under the leadership of Professor Fabiola Olivieri the group have pioneered this topic. Prof. Olivieri, before joining our Group in Ancona as a leading gerontologist, was trained scientifically at "Alma Mater Studiorum" University of Bologna, and worked at INRCA, the national Italian Institute on Aging, with Prof. C. Franceschi. Her guide successfully finalized our efforts to achieve the objectives of this ambitious project, requiring a comprehensive knowledge of ageing processes not only at the medical-clinical level, but also at the level of the biological and molecular mechanisms (genetic, epigenetic, hormonal) that underlie healthy ageing. Applying a multidisciplinary approach, integrating the expertise in different areas, such as clinical pathology, oncology, cardiology, molecular biology, genetic, biostatistics and computational analysis, our research group was involved in a number of national and international collaborative projects, supported by Operative Regional Program (POR) Marche, Italian Ministry of Education-Universities and Research (MIUR), Italian Ministry of Health and projects co-founded by European countries. Within this framework, in the last 10 years, we have been able to publish more than 150 articles (that received more than 10,000 citations, Scopus, 2018) in peer-reviewed top-ranking international journals.

The conceptualization that underlies these studies is that "ageing" is not a static but rather a dynamic phenotype that changes over time; a continuous interaction between individuals' genetic makeup and environmental factors results in a spectrum of states that range from healthy ageing to ARDs. This dynamic interaction drives an age-related remodelling of a number of pathways/systems, providing the chance to reach the extreme limit of human life in healthy state, which is reflected in the ever-increasing number of centenarians \[[@CR6], [@CR28], [@CR70]\]. If a continuum between unhealthy and healthy ageing exists, the major chronic ARDs should be conceptualized and studied within the framework of the ageing process and its basic molecular and cellular mechanisms. This conceptualization implies that aging process per se and the development of the most common ARDs are somewhat separate but must share somehow common set of basic biological mechanisms, mainly the development and progression of an inflammatory state named inflammaging, an increased burden of senescent cells and a defective cellular cross-talk \[[@CR27]\]. Some years ago we advanced a general hypothesis that the ageing process and the development of ARDs could be fostered by a low-grade, chronic inflammatory process that was designated inflammaging \[[@CR24]\]. A number of data suggest that this process is sustained by pro-inflammatory cells and circulating compounds \[[@CR25], [@CR58], [@CR59]\]. Notably, the rate of inflammaging progression is currently recognized as the main force driving aging and one of the main risk factors for clinical morbidity and mortality in the elderly \[[@CR27]\].

Since ageing involves the entire organism, it is conceivable that preservation of a health state during ageing is ensured by efficient tissue and organ crosstalk. Based on this hypothesis age-related health deterioration would stem from defective tissue and organ crosstalk. Molecules circulating in the bloodstream would be the main culprits: studies of their expression and of the pathways they target have the potential to provide information on the ageing process and healthy/non-healthy ageing trajectories \[[@CR43]\]. Circulating extracellular nucleic acids were first described in the human bloodstream more than 50 years ago. However, quite recent evidence suggests that circulating RNA/DNA and their shuttles (exosomes and protein/lipoproteins) constitute a new efficient system for inter-tissue and inter-organ crosstalk as well as an integrated reservoir of information relating to all body tissues and organs. These biomarkers are expected to be informative, easily accessible, and cost-effective candidate biomarkers of the ageing process, enabling assessment of the health status of individuals both at the level of specific tissues/organs and at the systemic one \[[@CR44]\]. Importantly, their different shuttles could affect the efficiency of delivery to target cells, hence their biological effects \[[@CR57]\]. Rather than a single miRNA or cf-DNA sequence, combinations of molecules associated with specific shuttles (signatures) are expected to be relevant to the pathogenesis, prediction, diagnosis and prognosis of the major human ARDs. Based on these hypotheses and the integrated and complementary expertise of the General Pathology team, an integrated series of studies was conducted to test the ability of miRNA/cf-DNA signatures and their shuttles to be robust predictive/prognostic biomarkers of the most common ARDs, i.e. type 2 diabetes (T2DM), cardiovascular disease (CVD), tumors and neurodegenerative diseases \[[@CR46]\]. We analysed existing sample collections from a number of case-control studies nested in cohort studies and longitudinal studies, including healthy individuals of different ages ranging from healthy young subjects to centenarians and their offspring, and non-healthy individuals ranging from obese adults to patients affected by CVD \[[@CR47], [@CR49], [@CR50]\], T2DM \[[@CR45], [@CR58]\], and neurodegenerative diseases (AD, NAD).

One of the clinically relevant result on circulating miRNAs concerns the diagnostic performance of miR-499-5p in acute non-ST elevation myocardial infarction (NSTEMI) in the elderly. Circulating miR-499-5p exhibited a diagnostic accuracy superior to that of troponin in patients with modest elevation at presentation \[[@CR49]\]. Admission levels of circulating miR-499-5p were also associated with the risk of death in elderly patients after acute NSTEMI \[[@CR47]\]. A recent systematic review confirmed the clinical relevance of miR-499-5p for diagnosis of cardiovascular disease \[[@CR42]\].

Finally, we also investigated the effect of anti-aging treatments on miRNAs expression, both in vivo and in vitro. A study on postmenopausal monozygotic twin pairs showed that hormone replacement therapy was able to enhance IGF-1 signaling in skeletal muscle by diminishing miR-182 and miR-223 expressions \[[@CR48]\]. The anti-inflammatory effect of ubiquinol-10 was analysed in endothelial cells showing that miR-146a modulation was induced by this treatment \[[@CR51]\].

Prof. Massimo Re, otolaryngology Unit, also made collaborative studies on expression levels and clinical significance of specific miRNAs (miR-21-5p, miR-let-7a, and miR-34c-5p) in Laryngeal Squamous Cell Carcinoma \[[@CR61], [@CR62]\],

Ex vivo studies were paralleled to in vitro data on cellular models \[[@CR52]\]. Our results suggest that miRNAs involved in the modulation of inflammatory processes and in the acquisition of "senescence phenotype" in senescent endothelial cells, fibroblasts and circulating cells may play a role in propagating cell senescence and inflammaging, thus being biomarkers of risk to develop the most common ARDs. In a paper published in 2013 we named these circulating miRNA-based signatures as "inflamma-miRs" \[[@CR53]\].

In addition to miRNAs, we analysed a number of senescence associated biomarkers, i.e. telomere length \[[@CR5], [@CR7], [@CR38], [@CR53], [@CR55], [@CR56], [@CR74]\], telomerase activity \[[@CR55]\], RNAseH2 activity \[[@CR71]\], beta-galactidase activity \[[@CR69]\], DNA methylation status \[[@CR4]\], M1/M2 circulating balancing \[[@CR18]\] and n-glycomic changes in serum proteins \[[@CR75]\]. The results of these studies, conducted on healthy subjects of different age and in patients affected by ARDs, support the view that the most common ARDs are characterized by an "accelerated aging phenotype".

Increasing attention is currently devoted to vesicles released by living cells in the bloodstream, that can vary in size, origin and content. The best characterized vesicles are those derived from plasmatic membrane blabbing, named micro-vesicles (MVs) and those derived from multi-vesicular bodies (MVBs), named exosomes (EXs). EXs and MVs can represent a cleaner source of information, since circulating MVs-packaged information (i.e. miRNAs, proteins, DNA fragments) in addition to their role as biomarkers, act as functional mediators being involved in the cellular crosstalk. The informative potential, role and specificity of circulating miRNAs/cf-DNA, and their shuttles required a comprehensive experimental design involving a highly integrated ex vivo and in vitro approach \[[@CR54], [@CR57]\]. We are currently studying the cargos composition of exosomes and microvescicles circulating in plasma of patients affected by the most common age-related diseases (i.e. cancer, CVD and T2DM) and comorbidities (hypertension, frailty), as well as vesicles-based signatures released by senescent cells (endothelial cells, cancer cells, fibroblasts), in order to identify "senescence-associated vesicle profiles" that could represent an innovative approach of "liquid biopsy" in the framework of aging.

Another recently intriguingly hypothesis is that cytoplasmic (cy) and cell-free (cf) DNA pools trigger inflammation and innate immunity at local and systemic level. In particular, cyDNA could play a crucial role in the phenomenon of cell senescence and in the cognate pro-inflammatory secretome \[[@CR72]\].

Since epigenetic modifications are reversible, affecting gene expression without altering the DNA sequence, recently we activated a line of research aimed to assess the impact of lifestyles, such as exercise and diet, on aging processes \[[@CR2], [@CR3], [@CR34], [@CR63]\]. Although in vivo detection and targeting of senescent cells are still being investigated, it is likely that therapeutic strategies based on antioxidant and anti-inflammatory compounds would involve generalized anti-aging effects \[[@CR59]\]. Although considerable work is still required to explore the toxicity profile and the extent of the benefits provided by natural and synthetic anti-aging compounds, nutritional approaches are expected to provide new tools to combat ARDs.

Under the guidance of Prof. Maria Rita Rippo, the research group has also highlighted mechanisms of resistance to programmed cell death of senescent cells and on those that regulate the differentiation of mesenchymal stromal cells (MSCs) which show alterations in their proliferative and differentiating capacity in elderly \[[@CR77]\]. In particular, for the first time we suggested and demonstrated that mito-miRs (mitochondria resident or associated to mitochondrial membranes) are modulated and can control expression of Bcl-2 family members and the oxidative and energetic status in aging cells thus contributing to their resistance to pro-apoptotic stimuli, pro-inflammatory phenotype and altered autophagy \[[@CR29], [@CR30], [@CR67]\]. Furthermore, our group demonstrated that FasL, whose circulating levels decrease progressively during aging \[[@CR36]\], is modulated in post-menopausal women \[[@CR37]\] and play a pivotal role in bone homeostasis inhibiting MSCs differentiation in adipocytes and inducing their proliferation \[[@CR66]\]. These data are interesting in the light of the imbalance between adipocytes, osteoblasts and MSCs existing within the bone marrow of aged people suffering of osteoporosis.

Future Perspective {#Sec4}
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The desire of eternal youth seems to be as old as mankind, as documented in ancient literature. Organ and tissue loss through disease and injury motivate the effort to develop therapies that can regenerate tissues and decrease reliance on transplantations. Regenerative medicine can potentially restore diseased and injured tissues and whole organs. We plan first to slow the aging processes and postpone the development of the most common age-related diseases, and after to push forward humanity lifespan. We do not know where the next fifty years would bring our scientific research. We already made the choice to track our technological path through Regenerative Medicine, Rejuvenation, Robotics, and Computational Pathology, and we are developing the skills needed for that. What is very clear to us is that in the past 50 years it was possible to build up a free, positive, and creative environment which our young colleagues begun to refer as "the school of Ancona of experimental pathology". We are confident that within this environment, the new generation of scientists that here and abroad is blooming will very soon get the baton by the older one and lead the future with the same enthusiasm, love and commitment.
